Reactions of H [AuCl 4 ] with N-substituted 2-pyridine thiocarboxamide ligands 2-(C 5 H 4 N)C(S)NHR (R= p-C 6 H 4 Me, CH 2 Ph, Me, p-C 6 H 4 OMe) gave cycloaurated derivatives {(C 5 H 4 N)C(S)NR}AuCl 2 , with the ligand bonded as the thiol tautomer through the deprotonated SH group and the pyridine N atom to give a five-membered metallacyclic ring. The X-ray structure determination of the R = CH 2 Ph derivative shows a square-planar gold(III) complex that dimerises in the solid state by weak Au 
Introduction
As part of studies on cycloaurated gold(III) complexes 1 we are investigating ligands based on deprotonated amide donors, which form a comparable range of complexes to the more traditional cycloaurated complexes with neutral nitrogen and anionic carbon ligands. 
3,4,5,6
The most attractive preparative method to N-substituted 2-pyridine thiocarboxamide ligands 2-(C 5 H 4 N)C(S)NHR involves the reaction of a primary amine with sulfur in refluxing 2-methylpyridine in the presence of catalytic Na 2 S.9H 2 O (a modified Willgerodt-Kindler reaction). 7 Yields are excellent (>70 %) and the steric and electronic properties of the products are readily tuned by varying the amines used. Such ligands have the potential to coordinate to metal centres in different ways, Scheme 1.
Deprotonation of the ligand may occur prior to coordination and because thioamides have two tautomeric forms they may act as either a monoanionic N, N' (coordination of thioketo tautomer 1) or S,N (coordination of the thiol form 2) bidentate ligand.
Alternatively, the neutral ligand may coordinate to the metal centre via the pyridyl nitrogen and sulfur atoms, 3. In these cases, five-membered chelates result. However, coordination via the amide nitrogen and the sulfur (either as the neutral ligand 4 or after deprotonation 5) would give four-membered metallacycles. In the case of the deprotonated ligand both tautomeric forms will again be possible but only the thioketo isomer 5 is shown in Scheme 1.
Surprisingly, few N-substituted pyridine-2-thiocarboxamide complexes of the platinum group metals or gold appear to have been reported. Palladium(II) complexes have been reported for the three coordination modes that are described in Scheme 1 (Complexes 6a, b, 7a, 8, Scheme 2). 8,9,10 Platinum(II) complexes also exist, with the ligand coordinated via either the S,N (6c) or N,N' (7b) binding modes. One example (9) of an S,N-coordinated gold(III) complex is reported, synthesised by the extraction of gold(III) from HCl solution by the ligand. However, structural characterisation by X-ray crystallography was not reported for any of the above complexes, the coordination mode of the ligand being assigned using IR, UV-Vis and NMR spectroscopy. There is one structurally-characterised example of a gold(I) complex, 10; the thiol tautomer is deprotonated and the ligand is coordinated to the gold through the sulfur atom, with a weak interaction between the gold and the pyridyl nitrogen.
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To the best of our knowledge, there are no examples of palladium, platinum or gold four-membered ring systems formed from N-substituted pyridine-2-thiocarboxamide ligands, although the Polish literature cites several examples of related four-membered cationic auracycles formed from the coordination of neutral thiocarboxamide ligands (11a-c, Scheme 2). However, when the N-substituent was more electron-withdrawing (e.g. 12c and 12d) the reaction needed to be refluxed before any reaction was observed. 
X-ray crystal structure of 13b
The structure determination of 13b confirms that the ligand is coordinated to gold as its deprotonated thiol tautomer, through the sulfur and the pyridyl nitrogen atoms.
The remaining two coordination sites on the square-planar gold are occupied by cis chloride ligands. The compound crystallised with two independent molecules in the asymmetric unit, which differ mainly in the conformation of the benzyl substituents. The molecular structure and atom labelling scheme of one molecule is shown in Figure 1 and selected bond parameters in Table 1 Figure 3 ). The amide proton is lost upon coordination and not observed in the spectra of the cyclometallated complexes; the H-7 protons change from a doublet in the free ligands 12a and 12b to a singlet in the metallacycles 13a and 13b as they are no longer coupled to the NH proton (e.g. H-7 in Figure 3 ). The most obvious change in the 13 C{ 1 H} spectra is the signal assigned to the thioketone carbon (C-6), which moves upfield from ~190 ppm in the ligand to ~160 ppm in the metallacycle, resulting from the reduced C-S bond order on coordination.
Characterisation of cycloaurated complexes by infrared spectroscopy is of little use. Other than the loss of the N-H stretch that is present in the ligand the main diagnostic band in the cycloaurated complexes would be in the C-S stretching region. However, the C-S stretch in the region of 600-700 cm -1 is weak and difficult to assign due to the multitude of other vibrations that occur in this region (e.g. aromatic C-H bending).
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Because of the lack of easily ionisable groups on the cycloaurated complexes they gave only weak ESI mass spectra. 
Reaction of N-(2-pyridyl)pyridine-2-thiocarboxamide 15 with H[AuCl 4 ]
Cycloauration of NMR spectroscopy and ESI mass spectrometry are consistent with the X-ray structural analysis. The proton adjacent to the pyridinium nitrogen (H-11) is further downfield (~0.7 ppm) than in the free ligand, however a greater shift (~1 ppm) would be expected if a cycloaurated complex had formed. In addition, the carbon arising from the thioketone group (C-6) has shifted upfield from 188.2 ppm in the ligand to 181.9 ppm in the cation. In the cycloaurated complexes, the corresponding shift is greater (~30 ppm).
The ESI mass spectrum shows a single peak at m/z 214.043 which corresponds to the parent cation of 16.
In hindsight it is not surprising that oxidation and cyclisation of 15 has occurred. 
Experimental
General experimental procedures were as described previously. are numbered according to the C atom they are bonded to.
Synthesis of 13a
Ligand 12a ( 
SADABS.
27 Crystal and refinement data for the two complexes are presented in Table 3 . 
Supplementary data
Crystallographic 
Figure 1
Molecular structure of 13b showing one of the unique molecules present in the asymmetric unit, and the atom numbering scheme. Thermal ellipsoids are shown at the 50% probability level.
Figure 2
Diagram showing the gold-sulfur interactions between the two molecules in the asymmetric unit of 13b. The different orientations of the phenyl rings can also clearly be seen. Hydrogen atoms have been omitted for clarity and thermal ellipsoids are shown at the 50% probability level. 
Figure 4
Structure of the ionic components of 16 showing the atom labelling scheme. Thermal ellipsoids are shown at the 50% probability level.
